Probing the methyl torsional barriers of the E and Z isomers of butadienyl acetate by microwave spectroscopy by Nguyen, Ha Vinh Lam
1ATEF Jabri, LAM Nguyen, ISABELLE Kleiner
Laboratoire Interuniversitaire des Systèmes Atmosphériques (LISA)
Université Paris-Est Créteil
Probing the methyl torsional barriers of the E and Z
isomers of butadienyl acetate by microwave spectroscopy
VINH Van, WOLFGANG Stahl
Institute of Physical Chemistry, RWTH Aachen University, Germany
LAM’s LAMs
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Class I: ,β-saturated
acetates (100 cm1)
Class II: ,β-
unsaturated acetates, 
C=C double bond in 
the COO plane 
(150 cm1)
Class III: ,β-
unsaturated acetates, 
C=C double bond
NOT in the COO 
plane (135 cm1)
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3E and Z: rotation of 180° about
the C8-C10 double bond
Conformations: rotation about the
C1-O7, O7-C8, and C10-C12 bonds
MP2/6-311++G(d,p) level of 
theory  6 E and 5 Z conformers
Butadienyl group slightly tilted out 
of the CH3-COO plane by an 
angle of about 10°
Basis set variation
E and Z isomers of butadienyl acetate
E
Z
Conformational analysis
4
E Z
Microwave spectrum
Broadband scan
High resolution
Series of automatically recorded spectra in the high resolution mode
250 kHz step width, 50 decays per step
Frequency range : 8.0 – 13.3 GHz
Line widths in the range 10 – 25 kHz  measurement accuracy better
than 2 kHz
Doppler effect; carrier gas: helium
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Molecular beam FT microwave spectroscopy 
2 – 26.5 GHz Cavity (Aachen) and 26.5 – 40 GHz Cavity (Paris)
Microwave spectrum
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Broadband scan
(▲) E isomer, (■) Z isomer.
High resolution measurements
Z isomer
50 decays
Spectral assignment
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First Z, then E (the Z isomer has smaller rotational constants
 higher line density in the broadband scan region) 
First a-type R-branch, then b-type
First rigid-rotor (A species), than methyl internal rotation (E 
species)
No A species c-type transitions, but E species!
First XIAM, than BELGI-Cs
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9Non-vanishing dipole moment 
component in the c-direction is 
predicted at the MP2/6-
311++G(d,p) level of theory
Butadienyl group slightly tilted out 
of the CH3-COO plane by an 
angle of about 10°
Some observed c-type 
transitions, all E species lines
No A species c-type lines
E
Z
in or out-of-plane butadienyl group?
There is indeed a dipole moment in c-direction but our sensitivity is 
too small to detect the weak c-type lines.
The enantiomers are separated by a low barrier and the tunneling
ground state is above this barrier  effective Cs geometry 
(expectation value of c = 0).
BELGI-Cs fits did not require any out-of-plan terms. 
Inertial defect c = 3.540 uÅ
2 (E) and 3.680 uÅ2 (Z)  planar
heavy atom skeleton (for a comparison: methyl vinyl ketone 3.162 
uÅ2, vinyl acetate 3.491 uÅ2)
MP2/6–31+G(d,p), MP2/6–31++G(d,p), MP2/6–311+G(d,p), 
MP2/6–311++G(d,p), CCSD/6–311++G(d,p)
10
in or out-of-plane butadienyl group?
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V3 potentials
(a) C3v methyl group attached to a C2v COO frame  V3 = 0, only 
small V6 term, e.g. nitromethane, CH3NO2 (V6 = 2.1 cm
1) and 
toluene CH3-C6H5 (V6 = 4.9 cm
1).
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V3 potentials
(b) C3v methyl group, frame no longer C2v symmetry 
 electronic distribution slightly out-of-balance 
 V3 potential term of about 100 cm
1. 
11
V3 potentials
(c) Mesomeric system extended from the carbonyl oxygen atom
to the β carbon atom increases the double bond character of the
carbonyl bond
11
V3 potentials
(c) CO stretching vibration blue shifted (vinyl acetate: 1762 cm1, 
phenyl acetate: 1765 cm1 vs. methyl acetate: 1736 cm1, ethyl
acetate: 1728 cm1, n-propyl acetate: 1724 cm1)
